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Background/Aims: DA-9701, a standardized extract of 
Pharbitis Semen and Corydalis Tuber, is a new prokinetic 
agent that exhibits an analgesic effect on the abdomen. We 
investigated whether DA-9701 affects visceral pain induced 
by colorectal distension (CRD) in rats. Methods: A total of 
21 rats were divided into three groups: group A (no CRD+no 
drug), group B (CRD+no drug), and group C (CRD+ DA-9701). 
Expression of pain-related factors, substance P (SP), c-fos, 
and phosphorylated extracellular signal-regulated kinase (p- 
ERK) in the dorsal root ganglion (DRG) and spinal cord was 
determined by immunohistochemical staining and Western 
blotting. Results: The proportions of neurons in the DRG 
and spinal cord expressing SP, c-fos, and p-ERK were higher 
in group B than in group A. In the group C, the proportion of 
neurons in the DRG and spinal cord expressing p-ERK was 
lower than that in group B. Western blot results for p-ERK in 
the spinal cord indicated a higher level of expression in group 
B than in group A and a lower level of expression in group C 
than in group B. Conclusions: DA-9701 may decrease vis- 
ceral pain via the downregulation of p-ERK in the DRG and 
spinal cord. (Gut Liver 2014;8:140-147) 
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INTRODUCTION 

Functional gastrointestinal disorders (FGIDs) are disorders 
of the digestive system in which no structural or biochemical 



abnormalities can be found to explain their symptoms. 1 FGIDs 
such as functional dyspepsia and irritable bowel syndrome 
are not life-threatening, but affect quality of life and increase 
healthcare costs. 1 Of multiple pathophysiologic factors involved 
in FGID, visceral pain and visceral hypersensitivity are known 
to play a role. 2 ' 3 Regarding management of FGID, no single 
available therapy could sufficiently relieve the FGID symp- 
toms. 1 " 3 Therefore, several herbal products with conventional 
prokinetics have been used for relieving FGID symptoms. 4 ' 5 

DA-9701, a new herbal agent obtained from extracts of Phar- 
bitidis Semen and Corydalis Tuber, 6 was reported to be effective 
in relieving gastrointestinal (GI) symptoms. 7 " 10 It was reported 
that DA-9701 accelerates gastric emptying in normal rats, and 
improves gastric accommodation in conscious dogs by increas- 
ing postprandial gastric volume. 6 ' 10 DA-9701 has agonistic ac- 
tivity on serotonergic receptors (5-HT 1A , 5-HT 1B , and 5-HTJ and 
antagonistic activity on the dopaminergic D2 receptor, 7 " 9 ' 11 thus 
it is thought to increase GI motility and reduce visceral hyper- 
sensitivity. 12 

Taken together, we assumed that DA-9701 play a role in 
modulating visceral pain. However, this role has not been vali- 
dated by experiments. In this study, visceral pain was produced 
by colorectal distension (CRD) in rats with and without DA-9701 
administration. Then, pain-related factors such as substance P 
(SP), c-fos, and phosphorylated extracellular signal-regulated 
kinase (p-ERK) in the dorsal root ganglion (DRG) and spinal 
cord were assessed by immunohistochemistry and Western blot 
assay to investigate whether DA-9701 relieves FGID symptoms 
by reducing visceral pain. 
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MATERIALS AND METHODS 

1. DA-9701 

DA-9701 is a new botanical drug formulated with Pharbitidis 
Semen and Corydalis Tuber. Pharbitidis Semen is the seed of 
Pharbitis nil Choisy and is used as a folk medicine to relieve ab- 
dominal pain. Corydalis Tuber is the root of Corydalis yanhusuo 
W.T. Wang and is also used as a folk medicine for its analgesic 
and antiulcer effects. Since early 2012, DA-9701 (Motilitone®; 
Dong-A Pharm. Co., Seoul, Korea) has been commercially pro- 
duced in South Korea and has also been demonstrated to have 
prokinetic effects and good safety profiles. 6 ' 10 

2. Animals 

A total of 2 1 adult male Sprague-Dawley rats (Chiba, Japan) 
weighing between 240 and 260 g was used after approval by 
the Institutional Animal Care and Use Committee of Han- 
yang University. All rats were kept at a constant temperature 
(24°C±1°C) and 40°/o to 60°/o relative humidity. They were main- 
tained under a 12/12 hours light/dark cycle with free access to 
normal rat chow and water, and were acclimatized for 7 days 
(Fig. 1). Before experiments, all rats were fasted for 24 hours 
except for free access to water. The rats were divided into three 
groups: group A, in which no CRD and no drug; group B, in 
which CRD was generated but no drug administered; group C, 
in which CRD was generated and DA-9701 was administered. 

3. CRD and DA-9701 administration 

DA-9701, 3 mg/kg, was administered with oral zoned needle 
(intragastric feeding catheter) to the rats 4 hours before generat- 
ing CRD. The dose of DA-9701 was determined according to 
previous studies showing a potent effect on GI function. 6 ' 13 Rats 
were anesthetized with an intraperitoneal injection of pentobar- 
bital 45 mg/kg and a 6-cm plastic tube with a balloon was in- 
serted intra-anally 1 hour before balloon inflation in all groups. 
The tube was secured to the tail with a tape and connected to a 
barostat. CRD was performed in groups B and C by inflating the 
balloon to 60 mm Hg four times for 20 seconds, at 5 minutes 

4 Hours 1 Hour After 
D-7 D-1 ago ago D-0 1 hour 



Adapt to the NPO Oral BaNoon C RD, 20 Sacrifice 

experimental except for administration insertion secx4 

condition water of DA-9701 

Fig. 1. Schematic diagram of the experimental protocol. Rats were 
adapted to the experimental conditions for 7 days to minimize stress. 
All of the rats were fasted for 24 hours prior to experimental use but 
were allowed access to water ad libitum. DA-9701 was administered 
orally in group C 4 hours before colorectal distension (CRD). A plastic 
tube with a balloon at the end was inserted through the anus 1 hour 
before CRD in all groups. CRD was generated in groups B and C. Rats 
were killed 1 hour after CRD, and the spinal cords and dorsal root 
ganglion at the level of L6-S 1 were removed. 
NPO, nil per os. 



intervals. Rats were under anesthesia during CRD. 

4. Measurement of SP, p-ERK, and c-fos 

One hour after CRD, rats under anesthesia were sacrificed by 
intracardiac administration of potassium chloride. Macroscopic 
and microscopic colonic tissue damages were evaluated and 
those with damaged colonic mucosa were excluded. Expressions 
of SP, c-fos, and p-ERK in the DRG and spinal cord at the level 
of L6-S1 were determined by immunohistochemical staining 
and Western blotting. 

5. Immunohistochemistry 

Sacrificed rats were perfused transcardially with warm saline 
followed by 4°/o paraformaldehyde in 0.1 mol/L phosphate buf- 
fer, followed by 4°/o paraformaldehyde in 0.1 mol/L phosphate 
buffer. After the perfusion, the DRG and spinal cord at the level 
of L6-S 1 were dissected out from four rats in each group (a total 
of 12 rats). Tissue was fixed in 4°/o paraformaldehyde overnight 
at 4°C, and placed in 30°/o sucrose solution for 24 hour at 4°C. 
Frozen sections of DRG and spinal cord were cut in a cryostat 
and placed onto saline coated slides for immunochemistry. Sec- 
tions were incubated with primary antibody to SP (1:50; Santa 
Cruz Biotechnology Inc., Santa Cruz, CA, USA), p-ERK (1:400; 
Cell Signaling, Danvers, MA, USA), and c-fos (1:50; Santa Cruz 
Biotechnology Inc.) at 4°C overnight. The UltraVision LP De- 
tection System HRP Polymer & DAP (diamino benzidine) Plus 
Chromogen (Thermo Fisher Scientific, Fremont, CA, USA) was 
used as secondary antibody according to manufacturer's pro- 
tocol. All samples were handled under the same experimental 
conditions. 

For quantitative assessment of immunostaining, numbers of 
total and immunoreactive neurons per section were counted in 
two randomly selected sections for each rat (x400). The num- 
ber of nerve cells with clearly visible cell bodies was manually 
counted and among them, the number of immunoreactive cells 
was counted. To count the number of immunoreactive cells, it 
was examined whether the nucleus or cytoplasm of nerve cell 
(DRG neuronal cell or nerve cell of spinal cord) was stained. SP 
was stained in a cytoplasm, c-fos in a nucleus, and p-ERK in 
both a cytoplasm and nucleus. 14 " 19 Two investigators quantified 
the staining and they were blinded to the sections they were 
counting. Finally, the average of two values was calculated. 
The intensity of staining was expressed as the percentage of to- 
tal cells that were immunoreactive. 

6. Western blot assay 

Samples taken from the spinal cord at the level of L6-S1 of 
three rats in each group (a total of nine rats) were homogenized 
in RIPA lysis buffer containing phosphatase inhibitor (Thermo 
Fisher Scientific, Waltham, MA, USA). Protein samples (30 ug) 
were separated on sodium dodecylsufate polyacrylamide gel and 
transferred to polyvinylidene fluoride membrane. The blots were 
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blocked with 4°/o skim milk and incubated overnight at 4°C with 
antibodies to SP (1:200; Santa Cruz Biotechnology Inc.), p-ERK 
(1:1000; Cell Signaling Technology), and c-fos (1:200; Santa 
Cruz Biotechnology Inc.). The blots were further incubated with 
secondary antibody (antigoat and antirabbit antibody). Antigen- 
antibody complexes were detected with a chemiluminescence 
reagent kit (Amersham Hybond ECL; GE Healthcare Bio-Sci- 
ences, Piscataway, NJ, USA). Chemidoc-Quantity-One software 
(Biorad Laboratories, Hercules, CA, USA) was used to perform 
quantitative analyses. Specific bands were evaluated by the ap- 
parent molecular size. The intensity of the selected bands was 
captured and analyzed by Image J 1.43u 2010 software (National 
Institutes of Health, Bethesda, MD, USA). There was insufficient 
DRG tissue for Western blot analysis. 

7. Statistical analysis 

All results were analyzed with SPSS version 17.0 (SPSS Inc., 
Chicago, IL, USA). Because the values did not follow a normal 
distribution, nonparameteric tests were used. Data from immu- 
nohistochemical stains were analyzed using the Mann- Whitney 
U test. Data from Western blots were analyzed using the Krus- 
kal-Wallis test with the post hoc test of Tukey test using ranks. 
A p<0.05 was considered to indicate statistical significance. 

RESULTS 

1. Colonic tissue damage 

Tissue damages in the rectum were macro and microscopi- 
cally evaluated and no colonic mucosal damages were found in 
the experimental animals. 

2. Immunohistochemistry 

1) Spinal cord 

Proportions of spinal cord neurons expressing SP, c-fos, and 
p-ERK were higher in the group B than in the group A (c-fos, 
p=0.006; p-ERK, p=0.001; SP p=0.002) (Table 1). In the group C, 
proportion of neurons expressing p-ERK was lower than in the 
group B (p=0.001) (Figs 2A and 3A), whereas expressions of SP 
and c-fos were not different between the groups C and B (c-fos, 
p=0.673;SP, p=0.206). 

2) DRG 

Proportions of DRG neurons expressing SP, c-fos, and p-ERK 
were higher in the group B than in the group A (c-fos, p=0.001; 
p-ERK, p=0.011; SP, p=0.001) (Table 1). Expression of p-ERK in 
the DRG neurons was greater in the group B than in the group 
C (p=0.009) (Figs 2B and 3B). Between the groups B and C, ex- 
pressions of SP and c-fos in the DRG were not different (c-fos, 
p=0.461; SP, p=0.833). 

3. Western blot assays 

The Western blotting for p-ERK in the spinal cord revealed 



Table 1. Immunohistochemical Staining for c-fos, Phosphorylated 
Extracellular Signal-Regulated Kinase, and Substance P in the Dorsal 
Root Ganglion and Spinal Cord 



DRG 



Spinal cord 





Group 


Percentage of 
stained neurons 


c-fos 


A 


24.62±6.91 




B 


58.38±11.07 




C 


55.88±12.14 


p-ERK 


A 


4.13±4.67 




B 


57.88±38.10 




C 


2.25±2.49 


SP 


A 


19.13±7.12 




B 


37.00±4.07 




C 


37.13±7.14 


c-fos 


A 


26.38±11.59 




B 


41.50±9.75 




C 


42.00±9.46 


p-ERK 


A 


1.88±2.10 




B 


25.13±13.46 




C 


4.63±2.56 


SP 


A 


0.75±1.49 




B 


4.50±1.51 




C 


3.25±1.98 



p-value 

0.001 
0.461 

0.011 
0.009 

0.001 
0.833 

0.027 
0.792 

0.001 
0.001 

0.002 
0.206 



Data are presented as mean±SD. 

DRG, dorsal root ganglion; p-ERK, phosphorylated extracellular 
signal-regulated kinase; SP, substance P. 



significant differences among three groups (p=0.025), and 
posthoc tests revealed significant difference between the group 
A and B (p=0.015 between the group A and B; p=0.069 between 
B and C; p=0.457 between A and C). Although post hoc tests 
showed that there was no significant difference between the 
group B and C, the staining was less intense in group C than 
in group B (Fig. 4). There were no differences among groups in 
staining intensity for SP and c-fos. 

DISCUSSION 

In this study, we showed that pain-related factors found in 
the pain-transmitting nervous pathways, SP, c-fos, and p-ERK 
were up-regulated in response to CRD and that DA-9701 signif- 
icantly decreased the CRD-induced upregulation of p-ERK. This 
means that the expression of SP, c-fos, and p-ERK is associated 
with CRD-induced visceral pain and DA-9701 decrease visceral 
pain in rats stimulated by CRD. Consequently, DA-9701 may 
relieve visceral hypersensitivity related with FGID by down- 
regulating pain-related substance. Visceral hypersensitivity is a 
condition in which visceral pain is felt after a stimulus that gen- 
erally does not cause pain. It has been observed in patients with 
a variety of functional disorders and seems to be important in 
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the pathogenesis of FGID. 2 ' 20 ' 21 Visceral hypersensitivity is usu- 
ally measured by measuring pressure within the rectum, using 
a balloon inserted into the rectum and slowly filled with air. 22 " 24 
Individuals are characterized as having visceral hypersensitiv- 
ity when they report pain at lower levels of pressure than most 
tested individuals. Laboratory animals cannot complain of pain 
accurately and analysis of behavioral response to pain can truly 
be subjective. Therefore, we need the method to measure viscer- 
al pain in animal experiments. In our study, visceral pain was 
determined objectively by measuring pain-related factors, SP, 
c-fos, and p-ERK in the DRG and spinal cord of anesthesized 
rats. Despite there were some ways to measure visceral pain of 
animals including the abdominal withdrawal reflex, 25 " 27 we used 
pain-related substances for measuring intensity of pain. This 
method has an advantage over the other methods in that anes- 
thesized rats are free of experimental stressors other than CRD. 28 
p-ERK, c-fos, and SP are pain-related factors that are used as 



objective markers of pain perception. 15 ' 19 ' 29 The p-ERK, a kind 
of mitogen-activated protein kinase, is activated by painful 
stimuli in DRG neurons, 16 and is known to play a role in func- 
tional pain-associated diseases by transmitting various noxious 
stimuli. Previous studies have shown that upregulation of p- 
ERK plays an essential part in the nociceptive system in DRG 
neurons and dorsal horn neurons, and that ERK activation in 
the dorsal horn is associated with c-fos expression. 14 The c-fos 
protein, a product of c-fos proto-oncogene, was also observed 
to be expressed by both noxious and nonnoxious stimuli in the 
dorsal horn neurons. 15 SP and its neurokinin receptors are ubiq- 
uitously expressed in the GI tract and mediate noxious sitmuli 
through activating visceral pain-transmitting C-fibers. 30 ' 31 

Changes in the properties of primary afferent neurons and 
abnormal processing of sensory information within the central 
nervous system are likely to contribute to the development of 
visceral pain. 3 ' 32 ' 33 Visceral pain is clinically and pathophysi- 
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Fig. 2. (A) Immunohistochemical staining for c-fos, phosphorylated extracellular signal-regulated kinase (p-ERK), and substance P (SP) in spinal 
cords. (B) Immunohistochemical staining for c-fos, p-ERK, and SP in the dorsal root ganglion (DRG). In both the spinal cord and DRG, the num- 
bers of positively stained neurons for all substances were higher in group B than in group A, and the numbers of neurons stained for p-ERK were 
lower in group C than in group B. The groups are marked as A, B, and C from left to right, and the pain-related substances are shown as c-fos, 
p-ERK, and SP from the top to the bottom of the figures. Each photograph is an image magnified by a factor of 100 (inset, x400) (A, no colorectal 
distension [CRD] and no medication; B, CRD+no medication; C, CRD+medication). 
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Fig. 2. Continued. 
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Fig. 3. The percentages of neurons expressing phosphorylated extracellular signal-regulated kinase (p-ERK) as indicated by immunohistochemi- 
cal staining. The box plot graph demonstrates that the proportion of neurons expressing p-ERK is significantly higher in group B than in group A 
and lower in group C than in group B. (A) Staining for p-ERK in the spinal cord, p=0.001, n=8 (per group). The percentages of neurons expressing 
p-ERK in the spinal cord, as indicated by immunostaining, are plotted on the Y-axis, and the groups are plotted on the X-axis. (B) Staining for 
p-ERK in the dorsal root ganglion (DRG), p=0.009, n=8 (per group). The percentages of neurons expressing p-ERK in the DRG, as indicated by im- 
munostaining, are plotted on the Y-axis, and the groups are plotted on the X-axis. 
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Fig. 4. Western blot results for phosphorylated extracellular signal- 
regulated kinase (p-ERK) in the spinal cord, p=0.025, n=3 (per group). 
Staining intensity is higher in group B than in group A and lower 
in group C than in group B. Staining intensity is plotted along the 
Y-axis, and the groups are plotted along the X-axis. Black dots rep- 
resent the staining intensity of individual rats within the indicated 
groups. 



ologically different from somatic pain, and is often associated 
with the characteristic symptoms of allodynia and hyperalge- 
sia. 34 ' 35 Sensory signals from the colon reach the central ner- 
vous system via primary afferent fibers in the splanchnic and 
pelvic pathways. 29 ' 36 ' 37 These fibers have peripheral endings in 
the colon wall and cell bodies in the thoracolumbar (T10-L1) 
and lumbosacral (L6-S1) dorsal root ganglia, respectively. 14 We 
examined the pelvic pathway in rats by generating CRD, killing 
the rats and conducting autopsies in the spinal cords and DRG 
at the level of L6-S1, as in many previous studies. 38 ' 39 

There were some limitations to our study. First, although we 
found an effect of DA-9701 on p-ERK, the effect of DA-9701 
on SP and c-fos was not demonstrated. A possible explanation 
is that DA-9701 may be selectively related to p-ERK pathway 
but not SP and c-fos. Alternatively, the two factors may express 
with a different timescale than p-ERK. Therefore, additional ex- 
periments with multiple autopsies at different times might yield 
significant results. Second, there may be experimenter bias due 
to errors in the quantitative analysis of immunohistochemistry 
and Western blot because a standardized method of quantitative 
analysis does not exist. Third, we observed too many DRG neu- 
rons expressed p-ERK in some instances. As only a small pro- 
portion of the total number of neurons in the DRG and spinal 
cord innervates the colon, 40 high-level expression of SP, c-fos, 
and p-ERK might be attributable to other visceral organs rather 



than the colon, ex, the bladder. It can be partly explained by 
the pressure effects secondary to local compression of adjacent 
organs. Fourth, the sample size was small. There were signifi- 
cant differences between group A and B in staining intensity for 
SP and c-fos on immunohistochemistry. However Western blot 
showed no difference between group A and B in staining inten- 
sity for SP and c-fos. Further experiments need to be conducted 
with a larger number of rats to maximize the likelihood of 
obtaining statistically significant results, especially of Western 
blots. Last, the experimental dose of DA-9701 must be verified. 
In a previous study, DA-9701 had most potent effects on gastric 
emptying and GI transit at doses of 0.3 to 3 mg/kg and did not 
have toxic effects even at a dose of 10 mg/kg. 6 ' 10 ' 11 Therefore we 
set the dose as 3 mg/kg in our study. However further studies to 
assess multiple doses of DA-9701 are required, because visceral 
analgesic effect of the drug has not been validated yet. 

In summary, our study shows an effect of DA-9701 in modu- 
lating visceral pain in a rat model. To our knowledge, this study 
is the first to provide experimental evidence for this effect. We 
suggest that DA-9701, by downregulating visceral pain media- 
tors, may be effective in the management of FGID. 
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